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Abstract
We consider the effect of general neutrino interactions (scalar, vector, pseu-
doscalar, axial vector and tensor) in neutrino-electron scattering at the DUNE
near detector. Those interactions can be associated with heavy new physics and
their effect is to cause distortions in the recoil spectrum of the electrons. We
show that for some cases energy scales up to 9 TeV are accessible after a 5 year
run and that current bounds on interaction parameters can be improved by up
to an order of magnitude. The full set of general interactions includes the usu-
ally considered neutrino-electron non-standard matter interactions, and the near
detector will give limits comparable but complementary to the ones from the
analysis of neutrino oscillations in the far detector.
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1 Introduction
As neutrino physics parameters are pinned down with ever more precision, windows
to potential new physics are opened. The phenomenologically interesting neutrino
non-standard interactions (NSI) (see e.g. [1,2] for reviews) constitute a simple, model-
independent and experimentally accessible parametrisation of new physics associated
with some high energy scale or with a small coupling to the Standard Model of particle
physics (SM). In the framework of effective dimension-six operators, one can, however,
consider a more general set of operators involving (pseudo)scalar and tensor currents.
Unlike NSI terms, such interactions do not leave a measurable effect when neutrinos
propagate in matter [3]. In addition, their properties depend, for instance, on the Dirac
or Majorana nature of neutrinos. If found, such exotic new interactions could in fact
help resolve this fundamental question [4, 5]. In this paper we will consider the effects
of new neutrino interactions (scalar, vector, pseudoscalar, axial vector and tensor) in
neutrino-electron scattering. Those exotic interactions change not only the total cross
section but also the recoil spectrum of the scattered electrons.
A potent future experiment to address precision measurements in neutrino physics
is the Deep Underground Neutrino Experiment (DUNE) which will observe neutrino
oscillations at a 1300 km long baseline [6]. In this work, we are not mainly concerned
with the primary physics goals of the experiment like determining the leptonic charge-
parity (CP) violating phase and the neutrino mass ordering. Instead, we focus on the
possibilities that the high-intensity neutrino beam produced for DUNE at the Long-
Baseline Neutrino Facility (LBNF) opens up for non-oscillation physics.1 Indeed, the
planned near detector (ND) located 575 m away from the target provides the opportu-
nity for a physics programme of its own. In this article, as one aspect of ND physics,
we investigate neutrino-electron scattering events. This has been previously considered
in [9], discussing constraints on NSI from total cross-sections and their embedding in
the SM effective field theory (SMEFT) framework. Here we provide an extended anal-
ysis which distinguishes itself firstly by the consideration of general new interactions
and secondly by employing differential cross-sections to make full use of the tentative
detector capabilities. This framework leads to improved (and several new) bounds
while being able to discriminate the signatures of different types of new interactions
and suitable for an immediate inclusion of specific experimental uncertainties. In our
framework, electron NSI are included as a special case, and hence this procedure is in-
dependent of and in parts complementary to the studies of NSI in oscillation physics at
DUNE [10–13], where typically not electron NSI but matter NSI (including the appro-
priate linear combination of electron, up and down quark interactions) are measurable.
In fact the limits on electron NSI are comparable in the near and far detector analyses.
This document is structured as follows. In section 2, our parametrisation of general
neutrino-electron interactions beyond the SM is reviewed. In section 3, we then dis-
1Other future possibilities to probe neutrino-electron scattering also exist, for instance IsoDAR [7],
and the nuSTORM facility [8].
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cuss the experimental setup and relevant cross sections for DUNE ND electron neutrino
scattering and derive predictions for future bounds on new interactions before conclud-
ing in section 4. The origin of the new interactions from gauge invariant dimension-6
operators, a mapping between different parametrisations, and technical details on the
derivation of the cross section are delegated to the appendix.
2 General neutrino-electron interactions
The Lagrangian of the most general ννee effective interaction, containing scalar, vector,
pseudoscalar, axial vector and tensor terms, can be parametrised in terms of Fermi’s
constant GF by
L = −GF√
2
∑
α,β
10∑
j=1
(
(∼)j

)
αβ
(
ναOjνβ
) (
eO′je
)
, (1)
where α and β label flavors, and the operators Oj,O′j and -parameters are listed in
Table 1. The possible origin of this Lagrangian from gauge-invariant dimension-6 op-
erators consisting of SM particles is discussed in Appendix A. Note the presence of
the left- and right-projection operators in the definition of the operators in Table 1.
Thus, terms parametrised by ˜j and generally all exotic interactions (j ≥ 5) require
right-handed neutrinos (either charge-conjugates of ναL in the case of Majorana neutri-
nos or their right-handed counterpart NαR in the case of Dirac neutrinos). In this paper
we will not discuss any effects of potentially heavy sterile neutrinos, but only consider
right-handed counterparts of the active neutrinos whose masses can be neglected at the
considered energy scales. In the Standard Model (SM), the only non-vanishing coeffi-
cients are L and R which receive (flavor-diagonal) contributions from neutral-current
and (after Fierz transformation) charged-current interactions in Fermi theory. That is,
the SM Lagrangian is obtained from Eq. (1) by setting all  to zero, except for
L,SMαβ = δαeδβe +
(
−1
2
+ s2W
)
δαβ , 
R,SM
αβ = s
2
W δαβ , (2)
where sW denotes the sine of the Weinberg angle, and the first term in 
L,SM is the
charged-current contribution. The framework presented here is more general than the
typically investigated non-standard interactions (NSI) which correspond to L and R
or their linear combinations V = L + R and A = L − R, the former being of major
interest when studying neutrino oscillations in matter. Without loss of generality, one
can omit adding a complex conjugate in (1) and instead impose
Lαβ = 
L∗
βα , ˜
L
αβ = ˜
L∗
βα , 
R
αβ = 
R∗
βα , ˜
R
αβ = ˜
R∗
βα ,
Sαβ = ˜
S∗
βα , 
P
αβ = −˜P∗βα , Tαβ = ˜T∗βα .
(3)
In particular, the parameters in the first line, which are associated with NSI (and
their counterpart involving right-handed neutrinos), are hermitian matrices in flavor
3
j
(∼)
j Oj O′j
1 L γµ(1− γ5) γµ(1− γ5)
2 ˜L γµ(1 + γ
5) γµ(1− γ5)
3 R γµ(1− γ5) γµ(1 + γ5)
4 ˜R γµ(1 + γ
5) γµ(1 + γ5)
5 S (1− γ5) 1
6 ˜S (1 + γ
5) 1
7 −P (1− γ5) γ5
8 −˜P (1 + γ5) γ5
9 T σµν(1− γ5) σµν(1− γ5)
10 ˜T σµν(1 + γ
5) σµν(1 + γ5)
Table 1: Coupling constants and operators appearing in the general ννee interaction La-
grangian (1).
space and thus real in their flavor-diagonal entries. The parametrisation in Eq. (1)
is useful when dealing with chiral particles, as for instance left-handed neutrinos and
right-handed antineutrinos produced from the pion decays at LBNF. For completeness,
we mention that an equivalent parametrisation has been employed in parts of the
literature, e.g. [4, 5, 14]; we give the mapping between the two parametrisations in
Appendix B.
In the case of Dirac neutrinos, all the above parameters are a priori unconstrained.
We note two interesting special cases. Firstly, imposing CP-invariance would require
that all parameters be real. Secondly, as has been previously discussed [4,5], if neutrinos
are of Majorana nature, there are also more constraints on these parameters. In our
parametrisation and for general flavor combinations, it is straightforward to show that
Majorana nature of neutrinos implies
Lαβ = −˜Lβα , Rαβ = −˜Rβα , Sαβ = Sβα , Pαβ = Pβα , Tαβ = −Tβα . (4)
Consequently, the number of independent parameters is almost halved with respect to
the Dirac case.2
In this work we take an agnostic position towards mass models, CP-, and lep-
ton flavor violation and hence consider all parameters. As we will discuss later, all
new physics signatures in neutrino-electron scattering at DUNE ND may arise from
Majorana-allowed new interaction parameters, such that no light can be shed on the
question of Dirac or Majorana nature. This is not in conflict with the results from [4]
and [5], since their generalised interactions are lepton flavor conserving. Likewise, all
observables may be generated from CP-conserving interactions.
2Considering all possible flavor combinations, in the general case there are 90 real degrees of
freedom, which are reduced to 48 in the Majorana case. Further details on this statement are reserved
for future work.
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Figure 1: Simulated neutrino fluxes from the optimised design in [15] for both neutrino and
antineutrino beam.
It is common to translate the -parameters into mass scales M/g′ that would be
associated with a heavy particle of mass M coupling with strength g′ to the leptons
inducing the effective interactions at low energies. Namely, according to GF/
√
2 =
g′2/M2, one obtains the relation
M
g′
≈
√ √
2
GF
. (5)
For the reader’s convenience, we will translate via Eq. (5) our bounds on -parameters
to mass scales when presenting bounds in the following sections.
3 Neutrino-electron scattering at DUNE ND
3.1 Experimental specifications
To investigate the sensitivity of DUNE ND towards new physics effects in neutrino-
electron scattering one needs to discuss both the neutrino beam and the ND design.
Neutrino beams can be produced in two channels, neutrino and antineutrino. The com-
position of the two beam channels is shown in Figure 1, where we plot the simulated
neutrino fluxes from [15]. We first note that the composition in the neutrino channel is
approximately 90-95% muon neutrinos, 5-10% muon antineutrinos and about 1% elec-
tron (anti)neutrinos, while in the antineutrino channel, the fractions of muon neutrinos
and antineutrinos are reversed. In our calculation we neglect the small contamination
by electron (anti)neutrinos for simplicity. Since neutrinos with energies above 10 GeV
are at least two orders of magnitude less abundant in the beam, we cut off the fluxes
at this energy. The considered neutrino energy range is then 0.125-10 GeV. In the first
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phase of operation, which is tentatively 5 years, a 1.2 MW beam of 120 GeV protons
will be produced [6] (the power is expected to double afterwards). Taking 2.5 years of
operation in each channel and assuming 1.8 · 107 seconds per year as the operational
duration, this amounts to 1.123 · 1021 POT/a (protons-on-target per year) or in total
2.809 · 1021 POT per channel in the first five years.
The ND conceptual design is yet undetermined, however, from recent reports [16]
we extract that the DUNE ND will presumably involve a liquid argon time projection
chamber (LArTPC) with 84 tons of fiducial Argon mass. This amounts to 1.2663 · 1030
atoms, such that we estimate the number of target electrons by 18 · 1.2663 · 1030 =
2.2793 · 1031. The energy resolution of the electromagnetic calorimeters is estimated as
0.06/
√
Ee ≈ 0.06/
√
T (in GeV) at least up to energies of 10 GeV (which is our region
of interest) [17].
3.2 Differential cross sections and parametrisation
In this section we discuss the relevant differential cross sections. In principle, when
considering νµ-e scattering, the final states may either be ν + e or ν + µ. However, we
are neglecting the possibility of creating a muon instead of an electron as the charged
final state because the threshold energy for muon production from neutrino-electron
scattering is m2µ/2me ≈ 10.9 GeV which is above our considered energy range. Thus
the only relevant (anti)neutrino-electron scattering processes are νµ + e
− → νβ + e−
and νµ + e
− → νβ + e−, where α denotes any flavor, while the SM only contributes
to β = µ. Since the flavors of the final neutrinos cannot be measured, one has to sum
over all final flavors α which in turn implies that we are only sensitive to parameter
sums.
The differential cross sections for νµ + e → νβ + e scattering and νµ + e → νβ + e
scattering respectively read
dσνµ→νβ
dT
=
G2Fme
pi
[
A+ 2B
(
1− T
Eν
)
+ C
(
1− T
Eν
)2
+D
meT
E2ν
]
,
dσνµ→νβ
dT
=
G2Fme
pi
[
C + 2B
(
1− T
Eν
)
+ A
(
1− T
Eν
)2
+D
meT
E2ν
]
,
(6)
where Eν  me denotes the energy of the incoming (anti-)neutrino, T < Eν the kinetic
energy of the recoiled electron, and the coefficients are given by
A = 2|Lµβ|2 +
1
4
(|Sµβ|2 + |Pµβ|2) + 8|Tµβ|2 − 2Re
(
(S + P )µβ
T∗
µβ
)
,
B = −1
4
(|Sµβ|2 + |Pµβ|2) + 8|Tµβ|2 ,
C = 2|Rµβ|2 +
1
4
(|Sµβ|2 + |Pµβ|2) + 8|Tµβ|2 + 2Re
(
(S + P )µβ
T∗
µβ
)
,
D = −2Re (LµβR∗µβ)+ 12 |Sµβ|2 − 8|Tµβ|2 .
(7)
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We discuss the derivation (using Package-X [18]) in Appendix C. Notice that apart
from the S/P -T -mixed terms in A and C, and the L-R-mixed term in D, all parameters
appear in the form of their modulus squared. Furthermore, it is noteworthy that the
contribution of D is suppressed by a factor of me/Eν ∼ 10−4 with respect to the
contributions from A, B, and C. Hence it is obvious that, since the only difference
between the contributions of scalar and pseudoscalar -parameters is the appearance
of the former in D, they will be practically indistinguishable. In the SM case, the cross
section coefficients simplify to
ASM = 2g
2
L , BSM = 0 , CSM = 2g
2
R , DSM = −2gLgR , (8)
where gL = −1/2 + s2W and gR = s2W . Throughout the computations we use the value
s2W = 0.22343 (which is obtained in the on-shell scheme) [19].
Let us discuss, which parameters are accessible independently after summing over
all final neutrino flavors. The exotic interactions S, P , and T are straightforward:
Apart from the mixed term involving (pseudo)scalar and tensor parameters which can
be neglected when considering single-parameter extensions (i.e. one new parameter at
a time), the setup is only sensitive to the sum of square-moduli, for which we define
the effective parameter
|jµ|2 ≡
∑
β=e,µ,τ
|jµβ|2 , j = S, P, T . (9)
Since there is a sum of squares on the right-hand side of (9), bounds on jµ equivalently
translate to (conservative) bounds on |jµe|, |jµµ|, and |jµτ |. Concerning the NSI-type
interaction, we split L and R into SM plus new physics contributions,
Lµβ = 
L,SM
µβ + 
L,NSI
µβ , 
R
µβ = 
R,SM
µβ + 
R,NSI
µβ , (10)
where the SM expressions are given in Eq. (2). Hence, the effective parameter intro-
duced in (9) would become∑
β
∣∣∣gjδµβ + j,NSIµβ ∣∣∣2 = (gj + j,NSIµµ )2 + |j,NSIµ |2 , j = L,R , (11)
where we used the fact that j,NSIµµ is real and defined a different effective parameter,
namely excluding the flavor-diagonal contribution,
|j,NSIµ |2 ≡
∑
β=e,τ
|jµβ|2 , j = L,R . (12)
Since only the flavor-diagonal NSI parameters interfere with the SM in (11), we deduce
that they will be more constrained than the off-diagonal parameters and that we have
to investigate them separately. In principle, the product of Lµβ and 
R∗
µβ in D would
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Observable 
L/R,NSI
µµ |L/R,NSIµ | |S/P/Tµ |
Bound on 
L/R,NSI
µµ |L/R,NSIµe | , |L/R,NSIµτ | |S/P/Tµe | , |S/P/Tµµ | , |S/P/Tµτ |
Table 2: Parameters that influence the scattering of electrons with muon (anti)neutrinos
(first line) and the fundamental new interaction parameters that can be constrained from the
respective measurements (second line).
contain further superpositions of L- and R-NSI parameters, when tuning both beyond
the SM,∑
β
Re
(
Lαβ
R∗
αβ
)
= gLgR + gL
R,NSI
αα + gR
L,NSI
αα +
∑
β
Re
(
L,NSIµβ 
R,NSI∗
µβ
)
. (13)
However, since this term appears in D, which is suppressed by me/Eν ∼ 10−4, it
is reasonable to consider only flavor-diagonal contributions or only the SM part in
(13), to avoid more complicated dependencies like in rightmost term which constitutes
subleading new physics effects. Practically that means that we set this term to zero in
our calculations unless we consider flavor diagonal R and L extensions, such that∑
β
Re
(
Lαβ
R∗
αβ
)
= gLgR + gL
R,NSI
αα + gR
L,NSI
αα + 
L,NSI
µµ 
R,NSI
µµ . (14)
In conclusion, we expect to obtain bounds on the parameters listed in Table 2. As
previously stated, all of the observables may originate from parameters which are al-
lowed in the case of Majorana neutrinos unless we assume flavor conservation, such
that |Tα | = |Tαα| = 0.
3.3 Spectra and sensitivities
To make use of the spectral information, we consider event numbers within energy
bins of the recoil electron of size ∆T . The expected number of events in the i-th bin
[Ti, Ti + ∆T ] for a given type of neutrino X = νµ, νµ can be calculated as
Ni(~) = ∆tNe
∫ Emax
0
dEν
∫ ∆T ·i
∆T ·(i−1)
dT Θ(T − Eν)dσX
dT
(Eν , T,~)
dΦX
dEν
(Eν) , (15)
where ∆t is the time of data taking times the beam-specific POT (per time), Ne is the
number of electron targets, Emax = 10 GeV is the maximal neutrino energy, Θ denotes
the Heaviside function to assert the kinematic condition T ≤ Eν , and dΦX/dEν is the
differential neutrino flux of type X in units of neutrinos/GeV/m2/POT. We introduced
the shorthand notation
~ =
(
L,NSIµµ , 
R,NSI
µµ , |L,NSIµ |, |R,NSIµ |, |Sµ |, |Pµ |, |Tµ |
)
(16)
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Figure 2: Expected electron event numbers from neutrino-electron scattering in neutrino
channel (blue) and antineutrino channel (red) at each 2.5 years of exposure assuming SM
parameters.
to make the dependence on all seven independent observables in Table 2 explicit. To
account for finite resolution effects, we convolve this spectrum with a Gaussian resolu-
tion function to predict realistic event numbers. Assuming SM parameter values and
a bin size of ∆T = 0.5 GeV, we obtain the spectrum in Figure 2. The distinct effect
of different single -parameters tuned away from their SM values is demonstrated by
Figure 3, where we plot the associated spectra in relation to the SM prediction.
To project the sensitivities towards new physics, we apply a standard χ2-test, which
seems adequate considering the sufficiently large event numbers in low-energy bins. Due
to a lack of statistics at high energies, see Figure 3, we use only the bins up to energies
of T = 5 GeV (we have checked that the obtained bounds do not sensitively depend on
the precise choice of this “cutoff”). We employ the following χ2-function
χ2(~) =
a2
σ2a
+
∑
X=νµ,νµ
nbins∑
i=1
(
(1 + a)NXi (~)−NX,SMi
)2
(σXi )
2(~)
, (17)
whereNXi denotes the number of events in the i-th bin of the channelX (either neutrino
or antineutrino), and σXi denotes the uncertainty, which we assume to be statistically
dominated,
σXi (~) =
√
NXi (~) . (18)
The small parameter a is introduced to account for an overall normalisation uncer-
tainty σa which will include, in particular, flux uncertainties. We will consider three
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Figure 3: Deviation of the expected event number spectrum in the neutrino channel for
different new physics parameters tuned away from their SM values. The sample values are
of the order of magnitude of current bounds, see Table 3.
configurations,
A (“ideal”) :
B (“optimistic”) :
C (“conservative”) :
(σa, Tth) = (0, 0) ,
(σa, Tth) = (1%, 0) ,
(σa, Tth) = (5%, 500 MeV) ,
(19)
where Tth denotes the threshold energy for detecting a recoil electron of this process.
3.4 Results
Concerning single-parameter bounds, namely, tuning only one parameter away from
its SM value at a time we obtain the expected bounds shown in Table 3. We conclude
that the bounds on all of the general neutrino-electron scattering parameters will be
improved after the first five years of DUNE operation. The frequently discussed NSI
couplings can be constrained by roughly one order of magnitude, which is comparable
to the results obtained in [9]. We will outline what our analysis adds to the discussion
therein at the end of this section. Our bounds may also be compared to the expected
bounds on matter NSI from oscillation data if we assume vanishing quark NSI.3 For
propagation in matter only the vector part, V = L + R, is relevant. Assuming only
one parameter to be non-zero at a time, we can extract from Table 3 our weakest
bound on parameters contributing to V and compare this to the bounds from [12].
Concerning flavor non-diagonal parameters we find
|Veµ| ≤ 0.051 , |Vµτ | ≤ 0.031 [12],
|L,NSIeµ |, |L,NSIµτ |, |R,NSIeµ |, |R,NSIµτ | ≤ 0.039 this work.
(20)
3Recall that matter NSI equal electron NSI if we assume quark NSI to vanish [1].
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Observable NP Parameters Config. Future DUNE CHARM-II M
g′ [TeV]
L,NSIµµ 
L,NSI
µµ A ±0.0014 [−0.06, 0.02] 9.3
B ±0.0028 6.7
C ±0.0038 5.7
L,NSIµ |L,NSIeµ | , |L,NSIµτ | A 0.028 2.1
B 0.039 1.8
C 0.046 1.6
R,NSIµµ 
R,NSI
µµ A ±0.0017 [−0.06, 0.02] 8.6
B ±0.0027 6.8
C ±0.0031 6.3
R,NSIµ |R,NSIeµ | , |R,NSIµτ | A 0.027 2.1
B 0.035 1.9
C 0.037 1.8
Sµ |Seµ| , |Sµµ| , |Sµτ | A 0.10 0.4 1.1
B 0.12 1.0
C 0.14 0.9
Pµ |Peµ| , |Pµµ| , |Pµτ | A 0.10 0.4 1.1
B 0.12 1.0
C 0.14 0.9
Tµ |Teµ| , |Tµµ| , |Tµτ | A 0.008 0.04 4.0
B 0.012 3.1
C 0.020 2.4
Table 3: Expected bounds (90% CL) on new-physics neutrino-electron interaction parameters
after 2.5+2.5 years of DUNE operation assuming three different experimental configurations
(specified in (19)), compared with current bounds from CHARM-II [5, 20–22]. For conve-
nience, we list associated mass scales M/g′ according to (5).
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Both methods lead to constraints at the same order of magnitude with differences in
sensitivity to flavor combinations. Flavor-diagonal parameters cannot be measured
independently in oscillations such that we can only compare our muon-flavored bounds
to the following combinations,
Vee − Vµµ ∈ (−0.7,+0.8) , Vττ − Vµµ ∈ (−0.08,+0.08) [12],
|L,NSIµµ |, |R,NSIµµ | ∈ (−0.0027, 0.0027) this work,
(21)
such that in our case the muon flavor is strongly constrained, but no conclusions about
other flavors can be drawn while oscillation constrains two flavor combinations, but
less stringently. Considering that constraints on neutrino-quark NSI are also expected
to dramatically improve from neutrino-nucleus scattering at the ND [9] (as well as from
coherent elastic neutrino-nucleus scattering [23–25])4, we conclude that the determina-
tion of NSI parameters at the ND can serve as a valuable input to the fits of oscillation
data. In particular, degeneracies between NSI and the CP phase [27] may be lifted
if the off-diagonal matter NSI parameters are constrained down to O(10−2) from an
independent measurement [28].
Considering two parameters non-vanishing at the same time, we obtain the exclusion
plots given in Figure 4. Note that here we do not show Pµ (recall the definition in (9)),
since all the plots and bounds are indistinguishable from using Sµ . In the case of 
S
µ or
Pµ and 
T
µ non-zero, we assume real parameters for simplicity. It is worth noting that in
the L-R-case introducing a flux uncertainty rotates the elliptical shape of the allowed
region. This can be understood considering the cross sections (6), when only L,NSIµµ and
R,NSIµµ are introduced, such that we essentially employ the Standard Model coefficients
(8) and vary gL and gR. For instance, the neutrino channel differential cross section
would read
dσνµ→νβ
dT
=
2G2Fme
pi
[
g2L + g
2
R
(
1− T
Eν
)2
− gLgRmeT
E2ν
]
. (22)
Now since gL is negative while gR is positive, slightly increasing (decreasing) one can
be approximately compensated for by increasing (decreasing) the other, which explains
the direction of the ellipsis when flux normalisation is neglected (red contour in the
top-left corner of Figure 4). On the other hand, increasing (decreasing) one while
decreasing (increasing) the other can be approximately compensated for by the nor-
malisation parameter a, which explains the opposite direction of the blue and green
ellipses. This demonstrates the importance of a high-precision flux determination for
the exclusion of (approximately) degenerate directions in parameter space.
4For comparison, we note that the current bounds on general neutrino-quark interactions from the
COHERENT experiment [26] are at the order of  ∼ 10−1− 10−2 neglecting potential degeneracies in
parameter space [24,25].
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Figure 4: Two-parameter exclusion plots after 2.5+2.5 years of DUNE operation. Contours
correspond to 90% and 95% CL respectively. The red, blue, and green regions correspond
to, respectively, experimental configurations A, B, and C (specified in (19)). We only show
flavor-diagonal components of L,NSI and R,NSI, single-parameter bounds on the off-diagonal
parameters are given in Table 3.
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Let us discuss if one could solidly distinguish the different new physics effects. To
this end we consider the spectra generated by one parameter tuned away from the SM
and fit the result to the other parameters (assuming configuration B defined in (19)).
The result is what one could expect from (6) and (7), together with (11): There are
degeneracies between L,NSIµµ and 
L,NSI
µe , 
L,NSI
µτ in negative direction of 
L,NSI
µµ , but positive
L,NSIµµ could be well distinguished. On the other hand, there is a degeneracy between
R,NSIµµ and 
R,NSI
µe , 
R,NSI
µτ in positive direction of 
R,NSI
µµ , but negative 
R,NSI
µµ could be well
distinguished. The difference in sign stems from the fact that gL is negative while gR
is positive. Moreover, there is an obvious degeneracy between Sµ and 
P
µ which one
cannot hope to distinguish. Finally, Tµ -effects can be distinguished from the others.
The discriminative power clearly depends on the magnitude of new interactions, but
let us give one example. If we assume a spectrum is generated with Sµ = 0.2, then the
best-fit of the other parameters (except for Pµ ) leads to χ
2 ≥ 17, or even χ2 ≥ 20 if
flux uncertainty is negligible. We conclude that both exotic new physics effects and
NSI have the potential to be identified distinctively at DUNE ND.
Now we briefly discuss the advantages of the differential cross section analysis and
thereby explain how our analysis extends the discussion in [9]. Therein, a longer
exposure time of 3+3 years and a larger detector of 100 tons is assumed, which leads
to higher, but comparable statistics. Expected constraints on L,NSIµµ and 
R,NSI
µµ are
calculated via the ratio R of total event numbers and the SM prediction, and given
in terms of a two-parameter plot, such that we cannot compare explicit numerical
values. Assuming statistically dominated errors, we obtain a plot, represented by the
red contour in the top-left corner of Figure 4, that is very similar in shape and order
of magnitude to Figure 1 in [9]. It is interesting to note, however, that such ratios R
are directly sensitive to global systematics like flux uncertainties. Indeed it is found
that assuming a 1% systematic error on the measurements of R leads to significantly
weaker bounds than assuming statistics to be dominating. In our case, due to the
use of spectral information, the 1% uncertainty has a much less significant effect on
the constraints in Table 3 and Figure 4. Therefore, one major advantage is that the
method is less sensitive to important experimental systematics.5 The second major
advantage, as we already discussed, is that different new physics effects can potentially
be distinguished much better. This is because an increase of total cross sections can, in
principle, originate from any of the parameters, while their effect on differential cross
sections will be distinct.
4 Conclusion
We have investigated prospects of the planned DUNE near-detector facility to find or
constrain new physics in the lepton sector. Namely, from neutrino-electron scattering
events, one can expect to probe general effective ννee-couplings with up to an order
5Here we have only considered flux uncertainties, but other, in particular energy-dependent sys-
tematics could readily be included in the actual fit.
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of magnitude improved precision (according to Table 3). In particular, the bounds on
flavor-diagonal Non-Standard Interactions, 
L,NSI(e)
µµ , and 
R,NSI(e)
µµ can be probed down
to the order 10−3 after the first five years of operation. This implies that for some
couplings, the measurement will allow to probe effective mass scales of up to 9 TeV
assuming statistically dominated uncertainties (7 TeV assuming 1% flux normalisation
uncertainty, or 6 TeV assuming 1% flux normalisation uncertainty). We have demon-
strated that, if new physics is found, one can potentially distinguish Non-Standard
Interactions from exotic (pseudo)scalar and tensor interactions. Moreover, we pointed
out that bounds from scatterings at the near detector are competitive, and in parts
complementary, to the bounds from oscillation data. They may even be a key input
to the reliable measurement of the leptonic CP phase by constraining the possible
interference of Non-Standard Interactions.
It will be interesting to investigate if the inclusion of bounds on new neutrino-
quark interactions from scattering data can be combined to sufficient bounds on Non-
Standard Interactions in matter to notably improve the sensitivity of oscillation ex-
periments towards the fundamental parameters of neutrino physics. Neutrino-electron
scattering will in the future also be studied by other experiments, which will allow for
further exploration of the parameter spaces. In addition, other processes like coherent
neutrino-nucleus scattering can also probe general neutrino interactions, which still
remains a field with few analyses.
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A Relation to SMEFT operators
In this section, we discuss the possible origin of new physics, parametrised in terms
of (1) from Standard Model effective field theory (SMEFT) operators. In SMEFT,
one considers all gauge invariant operators built from SM fields up to a certain mass
dimension and expands the effective Lagrangian in those. To obtain terms of the correct
mass dimension, one typically multiplies by factors of the inverse of some new-physics
mass scale Λ, which is interpreted as the cutoff of the EFT,
Leff = LSM +
∑
n≥5
1
Λn−4
O(n) . (23)
Restricting ourselves to the dimension-six case, instead of 1/Λ2, we multiply operators
by
√
8GF and hence compare dimensionless operator coefficients with the weak scale
in the spirit of (1).
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At the dimension-six level, a non-redundant set of operators is the Warsaw basis
[29]. The relevant four-fermion operators for generating L and R in this basis are
O`` = C``αβγδ(`αγµ`β)(`γγµ`δ) , (24)
O`e = C`eαβγδ(`αγµ`β)(eγγµeδ) , (25)
where `α denotes a left-handed lepton doublet of flavor α, eα denotes a right-handed
(charged) lepton singlet of flavor α. The Wilson coefficients C``µβee and C
`e
µβee then
generate NSI parameters
L,NSIµβ = 4C
``
µβee + 4C
``
eeµβ , 
R,NSI
µβ = 4C
`e
µβee . (26)
However, those operators also give rise to corrections to scatterings of four charged lep-
tons of equal magnitude and are therefore further constrained by electro-weak precision
data. Another way to generate NSI is by the scalar-fermion operators which correct
the W and Z couplings of fermionic currents after electro-weak symmetry breaking,
namely O(1)ϕ` , O(3)ϕ` , and Oϕe in [29], though we will not go into details here.
It is more intricate to generate the (pseudo)scalar and tensor interactions. In fact
all dimension-6 operators involving four leptons, including two neutrinos can be refor-
mulated in terms of (24) and (25) [29]. Thus, in the Majorana case, no (pseudo)scalar
or tensor interactions can be generated at dimension-six level without adding further
fields. In the Dirac case, where we add a right-handed singlet neutrino Nα, the possible
additional dimension-six operators have been studied in [30]. Many of those generate
right-handed NSI ˜L, ˜R. We only reproduce those giving rise to (pseudo)scalar or
tensor interactions,
OϕNe = CϕNeαβ i
(
ϕ˜†Dµϕ
) (
Nαγ
µeβ
)
+ h.c., (27)
O`N`e = C`N`eαβγδ
(
L
i
αNβ
)
ij
(
L
j
γeδ
)
+ h.c. (28)
where ϕ and ϕ˜ denote the Higgs doublet and its conjugate, while ij denotes the Levi-
Civita symbol with SU(2) indices i, j which are summed over. The first operator gives
rise to a right-handed leptonic charged current coupling toW , and hence, by integrating
out a W boson propagator, effective four-fermion vertices would arise in analogy to
Fermi theory. Fierz transforming those into the neutral-current form, (pseudo)scalar
interactions can be generated, namely
Sµe = −Pµe = ˜S∗eµ = ˜P∗eµ = 2CHN`µe . (29)
The second operator directly gives rise to effective four-fermion vertices. We find
Sµβ = 
P
µβ = ˜
S∗
βµ = −˜P∗βµ =
(
C`N`eβµee
)∗
+
1
2
(
C`N`eeµβe
)∗
, (30)
Tµβ = ˜
T∗
βµ =
1
8
(
C`N`eeµβe
)∗
, (31)
such that (pseudo)scalar and tensor interactions are generated simultaneously. We
leave details on the derivation of the coefficients from (27) and (28) for future work.
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B Mapping of parametrisations
Here we discuss the mapping between the parametrisation of general neutrino-electron
interactions in (1), named the -parametrisation, and the one employed in e.g. [4,5,14],
which we refer to as the CD-parametrisation. The equivalent to (1) reads6
L = −GF√
2
∑
a=S,P,V,A,T
(να Γ
aνβ)
(
eΓa(Caαβ +D
a
αβiγ
5)e
)
, (32)
where the five possible independent combinations of Dirac matrices Γa are defined as
Γa ∈ {1, iγ5, γµ, γµγ5, σµν} , (33)
and the coefficients Caαβ and
Daαβ ≡
{
D
a
αβ (a = S, P, T )
iD
a
αβ (a = V,A)
(34)
obey
Caαβ = C
a∗
βα , D
a
αβ = D
a∗
βα , (35)
namely, they form hermitian matrices in flavor space. The complete relations between
the parametrisations (, ˜) ↔ (C,D) read
L =
1
4
(CV −DV + CA −DA) ,
R =
1
4
(CV +DV − CA −DA) ,
S =
1
2
(CS + iDP ) ,
−P = 1
2
(CP + iDS) ,
T =
1
4
(CT − iDT ) ,
˜L =
1
4
(CV −DV − CA +DA) ,
˜R =
1
4
(CV +DV + CA +DA) ,
˜S =
1
2
(CS − iDP ) ,
−˜P = 1
2
(−CP + iDS) ,
˜T =
1
4
(CT + iDT ) ,
(36)
where flavor indices are suppressed.
C Derivation of the cross sections
Here we derive the differential cross sections of neutrino-electron scattering for a generic
interaction Lagrangian (1). We consider the ingoing and outgoing (anti)neutrinos mass-
less. The associated Feynman-rule quantities are u−(pν) (and v+(pν) respectively) for
the ingoing (anti)neutrino and us(kν) (and vs(kν)) for the outgoing (anti)neutrino of
6We employ the convention of [5] which differs from the one in [4,14] only by factors of the imaginary
unit i.
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helicity s = ±. We organised the new interactions in terms of chiral operators. Hence,
it is easy to see that the operators including one gamma matrix (V/A or j = 1, 2, 3, 4)
admit processes να,L → νβ,L or να,R → νβ,R, while the operators containing no or
two gamma matrices (S, P, T or j = 5, . . . , 10) mediate chirality flipping processes
να,L → νβ,R or να,R → νβ,L.
The amplitudes of the scattering να + e
−
r → νβ,s + e−r′ , and να + e−r → νβ,s + e−r′ read
Asrr′αβ =
GF√
2
∑
j=1,3,5,7,9
jαβ (us(kν)Oju−(pν))
(
ur′(ke)O′jur(pe)
)
, (37)
Asrr′
αβ
=
GF√
2
∑
j=1,3,6,8,10
jβα (v+(pν)Ojvs(kν))
(
ur′(ke)O′jur(pe)
)
. (38)
To obtain cross sections we compute
|Aαβ|2 = 1
2
∑
s,r,r′
|Asrr′αβ |2 , (39)
|Aαβ|2 =
1
2
∑
s,r,r′
|Asrr′
αβ
|2 , (40)
where the factor of 1/2 stems from averaging over initial electron helicity. Although
the helicity s of the outgoing (anti)neutrino is fixed by each specific operator, it is
convenient to sum over both helicities to apply trace identities when calculating the
square-amplitude. The differential cross sections are then obtained by the standard
formula
dσ
dT
=
|A|2
32pimeE2ν
. (41)
Before arriving at the form of (6), we need to apply (3) to substitute expressions like
|L/Rβα |2 → |L/Rαβ |2 , |˜S/P/Tβα |2 → |S/P/Tαβ |2 , . . . , (42)
thereby reducing the expression to the minimum number of free parameters.
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